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Protein oxidation has detrimental effects on the brain functioning, which involves inhibition of the crucial enzyme, brain type creatine kinase (ckBB), responsible for the ck/phosphocreatine shuttle system. here we demonstrate a susceptibility of ckBB to several ordinary stressors. In our study enzymatic activity of purified recombinant brain-type creatine kinase was evaluated. We assayed 30 nM concentration of CKBB under normal and stress conditions. In the direction of phosphocreatine formation hydrogen peroxide and heat treatments altered ckBB activity down to 26 and 14%, respectively 
. Also, examination of immunoblotted membrane patterns by SDS-PAge electrophoresis and western blot analysis showed a decrease in expression levels of intrinsic ckBB enzyme in heLa and A549 cells. hence, our results clearly show that cytosolic ckBB is extremely sensitive to oxidative stress and heat induced inactivation. therefore, due to its susceptibility, this enzyme may be defined as a potential target in brain damage. k e y w o r d s: activity of brain creatine kinase, stress, hydrogen peroxide, heat inactivation.
A mple energy supply is crucial for proper functioning of the brain tissue. The main role in providing constant ATP/ADP ratio belongs to creatine kinase (CK; adenosine-5′-triphosphokinase; EC 2.7.3.2). In the brain, two isoforms of creatine kinase are present, cytosolic brain creatine kinase (CKBB) and mitochondrial ubiquitous CK (MiCK) [1] . CKBB is a homodimer enzyme, catalyzing reversible transfer of γ-phosphate group from ATP molecule to creatine, with formation of buffering phosphocreatine (PCr) and ADP. Domains associated with ATP production and consumption are predominantly connected by phosphocreatine/ creatine network [2] . CK isoforms accumulate PCr within the cell to high concentrations and uses this molecule in the reverse reaction to regenerate pools of ATP under increased workload [3] .
Impairment of creatine kinase activity induces radical changes in mice's phenotype, where the experimental subjects had permanent reduction of body weight, detrimental spatial learning, vestibular dysfunction and partially abnormal morphology of the hippocampal brain structure [1] . Knockout mice lacking CKBB show deficiencies in learning and memory [4] . Inhibition of CKBB activity is implicated in the pathogenesis in a number of diseases, particularly in the brain [5, 6] . Therefore, alterations in CK functioning have been proposed to induce development of detrimental CNS abnormalities with altered energy metabolism and may represent an important step of neurodegenerative pathway that leads to disorder progression [7, 8] .
Generation of oxygen free radicals have been implicated in mediating various pathological processes. It is reported that functioning of CK is extremely affected by reactive oxygen species [5, 9] . Few studies showed that susceptibility of CK to H 2 O 2 is controlled by oxidation of a cysteinyl residue (Cys 282 ) that plays a critical role in substrate binding. Substitution of Cys 282 residue for serine resulted in a 500-fold activity decrease of CK [10] . Cystein 283 was identified as a main target for chemical modification [11] . Thermal inactivation of muscle creatine kinases was studied by Lyubarev [12] . The author confirmed the two-state irreversible aggregation of CKMM with differential adiabatic scanning microcalorimetry method, which was previously proposed by Kurganov [13] . Studies by Gao, have also supported calorimetrical irreversibility of human CKBB. It was proposed that the thermal inactiva-tion of creatine kinase involves a hierarchy of structural transitions [14] . Uniquely, thermally inactivated muscle creatine kinase exhibited much higher stability than that of CKBB. However, when CKMM is aggregated, no reactivation state can be observed, while human CKBB has shown partial reversibility at temperatures above 55 °C. This can be explained by functional dissimilarities between two isoform's expression tissues.
With the established number of experimental papers demonstrating that brain type of creatine kinase is extremely crucial upon development of quite a few brain disorders [15, 7] ; we have made a further attempt to evaluate the CKBB activity loss. With previously purified recombinant CKBB protein we determined the most favorable enzyme concentration of 30 nM. For experiments in vitro, overexpression of pCMV-Flag construct carrying CKBB insert was performed on two particular cell lines. The loss of CK enzyme activity is reported during progression of Alzheimer's and Huntington's disorders. Therefore, the overall research goal was to demonstrate susceptibility of the homodimeric brain type creatine kinase to physiological stimuli of hydrogen peroxide and heat inactivation.
Materials and Methods
overexpression of ckBB in mammalian cell lines. For the in vitro detection of CKBB in HeLa and A549 cell we transfected cells with plasmids pCMV-Flag carrying CKBB gene insert. Construction of recombinant plasmid was done with reference to the procedures described previously [16] . The plasmids harboring Flag-CKBB was transiently transfected into 60 mm dish cultured with A549 or HeLa cells using Lipofectamine/Plus Reagents (Invitrogen) according to the manufacture's protocol. Medium supplemented with 10% FBS was changed for FBS free medium to the transfected cells after 4-6 hours of incubation.
cell cultures. Cell lines used for transfection, A549 (human lung adenocarcinoma cells) and HeLa (human cervical carcinoma cells) were purchased from American Type Culture Collection (ATCC). A549 cells were cultured in RPMI 1640 medium (WelGENE), HeLa cells in Dulbecco's modified Eag les medium (WelGENE), both supplemented with 10% fetal bovine serum (FBS, WelGENE) and 1% antibiotic-antimycotic (Invitrogen). The maintained environment was adjusted to 37 °C in a humidified atmosphere containing 5% (vol/vol) CO 2 .
Cells were passaged every two-three days at 70-80% confluence. The plasmids harboring Flag-CKBB, constructs were transiently transfected into 60 mm dish cultured with A549 or HeLa cells using Lipofectamine/Plus Reagents (Invitrogen) according to the manufacture's protocol. Medium supplemented with 10% FBS was changed for FBS free medium to the transfected cells after 4-6 hours of incubation.
SDS-PAge electrophoresis. Protein samples were prepared with 2x or 5x SDS-PAGE sample buffer (10 mM Tris-HCl, pH 6.8, 4% SDS, 10% β-mercaptoethanol, 20% glycerol, 0.2% bromphenol blue) and cooked at 95 °C for 5 min. For the SDS-PAGE were used 12% acrylamide separating gel and 5% stacking gel. Electrophoresis was carried out at a 70-150 V range (Power Pack 1000, Bio-Rad) using 1xSDS-PAGE buffer. After electrophoresis, the gel was either stained in a Coomassie Brilliant Blue solution or immunoblotted with specific antibodies.
Specific creatine kinase activity assay. Recombinant CKBB was overexpressed and purified according to the procedures described in the previous study [17] . CKBB activity was determined in the forward direction (phosphocreatine formation) according to the pH-colorimetry method [18] with some modifications. where Cr -creatine, PCr -creatine phosphate. The enzymatic activity was monitored by the absorption at the excitation wavelength of 597 nm with a Jasco V-530 UV-visible spectrophotometer (Jasco, Tokyo, Japan). Assay mixture, 600µl, contained 24 mM creatine, 4 mM ATP, 5 mM Mg 2+ , and 0.01% Thymol Blue, in 5 mM Glycine-NaOH buffer, pH 9.0. The final protein concentration of the brain creatine kinase was 30 nM. The equation to calculate the enzyme activity of creatine kinase was used as follows (with accordance to Yao, 1982) .
, where U -specific activity; 1.3 -converting coefficient; V A -the volume of substrate; V B -the volume of enzyme solution; c -the concentration of enzyme solution.
thermal and h 2 o 2 mediated inactivation of ckBB. Thermal inactivation was carried out by incubating the purified enzyme diluted in GlycineNaOH (pH 9.0) buffer at given temperatures for 10 min. After heat treatment, the sample was cooled експериментальні роботи immediately on ice, and then the residual activity was measured at 25 °C. H 2 O 2 was added at final concentrations of 0.25, 0.5, and 1 mM to creatine kinase samples diluted in Glycine-NaOH (pH 9.0) buffer. Aliquots (60 µl) were removed at specific time intervals (10 min) to determine CK activity. The remaining kinase activity of CKBB was calculated by fitting the initial linear range of the reaction progress curve. All data were expressed as a mean ±SD. Differences between groups were examined for statistical significance using Student's paired test. P < 0.05 denotes the presence of statistically significant difference. Statistical analysis of the obtained results was carried out using Microsoft Office Excel program package.
results and discussions
Since CKBB is differentially expressed and critical for ATP metabolism, we examined enzyme's potential to retain kinase activity affected by various stresses. Oxidative modifications have a major role in the pathogenesis of neurodegenerative disorders, regulated by protein and lipid oxidative modifications [20] . Studies on human muscle creatine kinase have confirmed that thermal irreversibility of the enzyme was reached under the temperature of 56 °C [2] . Western blotting with the antibodies against CK isoenzyme using cell homogenate from HeLa cells identifies a single band of 43 kDa. Brain homogenates from Alzheimer's patients show a decrease of CK activity by 86%, whereas expression levels of the enzyme were down by 14 % [7, 21] . Additional ly it was shown that the exposure of CK isoenzymes in rat tissues (brain, heart, and muscles) to xanthine and xanthine oxidase or hydrogen peroxide resulted in a significant decrease in the activities of CK in a dose dependent fashion [22] . Due to the increasing number of papers suggesting a decrease of total CK activity in the brain tissue, majorly because of reactive oxygen species, it is intriguing to verify the susceptibility of CK protein under specific assay conditions [7, 8, 19] .
In our experiment, when recombinant brain creatine kinase was incubated with varying concentrations of hydrogen peroxide for 10 min at 25 °C, an inhibition of CKBB activity was registered. The decrease in the CKBB activities was by 17, 58, and 74%; when the hydrogen peroxide concentrations were 0.25, 0.5, and 1.0 mM, respectively (Fig. 1) . Effects of H 2 O 2 were strong at high concentrations. These detrimental influences of hydrogen peroxide on functional activity of CK are supported by free radical inhibition of tissues specific CK presented by [22] . PCr and CK were found to be slightly decreased in skeletal muscles of mice with deficient cytosolic and mitochondrial CK activity [21] . In Alzheimer's disea se, amyloid beta-peptide which induces generation of free radicals is thought to inhibit the oxidative sensitive enzyme CK and therefore causes neurodegene ration [30] . Besides hydrogen peroxide, cystine which is usually accumulated in lysosomes has pronounced effects on the CK activity [23] . Release of cystine from lysosome induces oxidative stress that genera tes oxidized forms of CKBB (O-CKBB). However, O-CKBB is not the major reason for the inactivation of CKBB. Disulfide bond between CKBB generated mutants C74S and C254S demonstrated a limited contribution to the inactivation of CKBB induced by cystine. Therefore, the author had concluded that the generation of O-CKBB was not the major reason for the inactivation of CKBB, in fact the inactivation of CKBB by cystine was caused by the modification of conserved Cys283 [23] . The active sites of CK include very essential cysteine amino acids which are possible targets for oxygen free radicals and modification of these groups can cause reduction in enzymatic activity of CKs [22, 24] . Our results therefore support a high susceptibility of CK to oxidative factors confirmed by other experimental studies [22] [23] [24] .
The thermostability of brain isoform of creatine kinase was evaluated by a residual activity retained after heating the enzyme solutions at given temperatures for 10 min. We showed that in the direction of phosphocreatine formation heat treatment significantly decreases CKBB kinase activity (Fig. 1) . Results acquired from the specific activity assay revealed a marked inhibition of CKBB by 36, 57, and 86% in the reaction mixture with treatment temperatures of 38, 40 and 42 °C. While comparing the results from hydrogen peroxide and heat inactivation reactions we observe a slightly more inhibited CKBB activity under the heat treatment conditions. This difference may arise due to the separate inactivation mechanisms. The parameters summarized in Table were consistent with those of CK from other studies [25] . CK possesses four cysteine residues and only one of them is believed to be essential for catalytic activity, where the other three are thought to be involved in CK folding [25] [26] [27] . According to [2] muscle isoform of CK could retain its activity at temperatures below 50 °C and being completely in-activated after heat treatment at temperatures above 62 °C [28, 29] . Although, CKBB has a high percentage of the primary sequence similarity with CKMM, the thermal stability of human CKBB is substantially lower than that of CKMM, and the midpoint temperatures of thermal inactivation decreased about 15 °C [2] . Our results suggest that recombinant CKBB began to be partially inactivated after 10 min heat-treatment at 38 °C, a temperature close to the normal body temperature. As reported by [2] On the other hand, thermally inactivated CKBB has been shown to have better results on activity recovery than CKMM. Up to >60% of activity could be regained after reactivation on ice for 12 h for the enzymes treated at temperatures above 50 °C [2] . In the case of human CKMM a higher thermal stability is essential to fulfill its in vivo function to supply ATP to myosin during muscle contraction. Where, CKBB is distributed in vital organs and tissues with high energy demand, such as the brain and nervous system. Thus, it is possible that the relatively low stability and high reversibility may help the cells to control energy metabolism and protect tissues against pathological conditions [2] .
Also, to support our assay data in vitro we applied the same heat and hydrogen peroxide stresses concentration had the most detrimental effects. The CKBB level in the heat-treated cell fraction was even lower than that of hydrogen peroxide treated cells (Fig. 2, 3 ). These data were consistent with the results from creatine kinase activity assay measurements. In contrast, the CKBB levels in the whole cell lysate under both factors varied in HeLa and A549 cell line. This dissimilarity might have taken place due to the presence of intrinsically expressed CKBB in the HeLa cells.
In conclusion, we show that brain creatine kinase has low resistibility to outer factors of heat and hydrogen peroxide inactivation. This responsiveness is connected to the specific tissue distribution of the enzyme. In the case of brain tissue, structural ly fragi le compartment, functional proteins must possess high endurance capacity. There, CKBB demonstrates reliable results during recovery studies and therefore it is best suited for providing uninterrupted energy supply in the brain. Чоннамський національний університет, кванджу, південна корея; е-mail: anar.rakhmetov@gmail.com окислення протеїнів виявляє руйнівний вплив на функціонування головного мозку, що пов'язано з інгібуванням ензиму креатинкінази головного мозку (ккГм), який забезпечує син-тез фосфокреатину за участю молекули атP. метою цієї роботи було вивчення впливу на сприйнятливість рекомбінантного протеїну експериментальні роботи ккГм пероксиду водню та температури. по-казано, що активність ккГм у реакції фор-мування фосфокреатину за впливу пероксиду водню (1 мм) та температури (42 °с) була зни-жена на 26 та 14% відповідно. імуноблотинг мембран після SDS-PAGE електрофорезу і вестернблотинг показали зниження рівня експресії внутрішньоклітинної креатинкінази в клітинних лініях HeLa та A549. одержані ре-зультати демонструють високу чутливість цито-зольного ензиму до дії зовнішніх факторів. така сприйнятливість ккГм до дії стресу може бути визначена як можливий чинник розвитку пору-шень у діяльності головного мозку людини. к л ю ч о в і с л о в а: активність креатин-кінази головного мозку, стрес, пероксид водню, тепловий шок. Чоннамский национальный университет, кванджу, Южная корея; е-mail: anar.rakhmetov@gmail.com окисление протеинов оказывает разруши-тельное влияние на функционирование голов-ного мозга, что связано с ингибированием креа-тинкиназы -энзима головного мозга (ккГм), который обеспечивает синтез фосфокреатина при участии молекулы атр. Целью данной рабо-ты было изучение влияния на восприимчивость рекомбинантного протеина ккГм температуры и пероксида водорода. показано, что активность ккГм в реакции формирования фосфокреатина при действии пероксида водорода (1 мм) и тем-пературы (42°с) была снижена на 26 и 14% со-ответственно. иммуноблоттинг мембран после SDS-PAGE электрофореза и вестерн-блоттинг показали снижение уровня экспрессии внутри-клеточной креатинкиназы в клеточных линиях HeLa и A549. полученные результаты демон-стрируют высокую чувствительность цитозоль-ного энзима к действию внешних факторов. такая восприимчивость ккГм к воздействию стресса может быть определена как возможный фактор развития нарушений в деятельности го-ловного мозга человека. к л ю ч е в ы е с л о в а: активность креа-тинкиназы головного мозга, стресс, пероксид водорода, тепловой шок.
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